Oxygen-deficient pristine (LMNO) and microwave-treated LiMn 1.5 Ni 0.5 O 4-δ (LMNOmic) cathode materials have been synthesised with modified thermo-polymerisation synthesis technique. The XRD, XPS, CV and charge/discharge voltage profile analysis confirm that the microwave treatment enhance the electrochemical property by adjusting the lattice parameter, nickel content, and Mn 3+ content. The galvanostatic charge/discharge testing results show that LMNOmic exhibits high capacity of 133 mAh g −1 at a 0.1 C and a high retention of 95%, the LMNOmic delivered high capacity for various current rates 0.1, 0.5, 1, 2 C compared to non-microwave LMNO sample. Electrochemical impedance spectroscopy shows a gradual increase in impedance during continuous cycling, indicating a gradual formation of the cathode-electrolyte interphase (CEI) film at the active LMNO surface. The rise in impedance at the end of the 100 th cycle is about three times higher for the LMNOmic than the pristine LMNO. This work proves the urgent need for further work, specifically focusing on material design and coating and/or doping strategies that will complement microwave irradiation and ultimately permit the stabilization of the cathode-electrolyte interface upon long-term cycling. The success of such work will allow the full realization of the advantageous properties of the microwave-treatment of the LMNO and related cathode materials. 14 Recently, Patel et al., 5 modified LMNO with ultrathin 67 conductive CeO 2 coating to stabilize the CEI for enhanced long-term 68 performance. For example, the high surface area of nanostructured 69 materials make them susceptible to unwanted side-reactions during 70 continuous cycling (lithiation/delithiation process) thereby impacting 71 negatively on the CEI such as a rise in the impedance or interfacial re-72 sistance. On the other hand, the CEI may be able to handle mechanical 73 stress during cycling thereby maintaining long cycling life.
lithium ions in its spinel structure. 1 
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In the present study, we explored a rarely studied thermo-75 polymerisation synthesis method, coupled with microwave irradiation, 76 to produce an oxygen-deficient LMNO (i.e., LiMn 1.5 Ni 0.5 O 4-δ ). To un-77 derstand the effect of microwave irradiation on the LMNO prepared 78 using our experimental conditions, the physico-chemical properties 79 (morphology, structure) of this spinel cathode material are thoroughly 80 examined using SEM, XRD and XPS. In addition, some insights into 81 the interfacial electrochemistry of the LMNO are provided using elec-82 trochemistry (i.e., cyclic voltammetry, galvanostatic charge-discharge 83 and electrochemical impedance spectroscopy). It is clearly shown 84 here that microwave irradiation leads to nano-sizing of the oxygen-85 deficient LMNO spinel and controls both the Ni 2+ and Mn 3+ contents 86 with the promise to mitigate the interfacial resistance.
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Experimental
88
Synthesis of pristine and microwave-treated LiMn 1 O) were dissolved in a 100 ml size beaker using 96 10 ml deionized pure water (with a resistivity of ρ = 18.2 M ) and 97 the solution heated to 80
• C and stirred continuously. Then 1.8 mL 98 acrylic acid (AA) was added to form a 0.3 molar ratio between AA 99 and the above metals and stirred until complete mixture gelation. The 100 gel-like products were dried at 120
• C for 12 h and 250 0.9 eV for the Au 4f7/2 peak, were used in all XPS measurements.
120
The XPS core level spectra were analyzed using a fitting routine,
121
which can decompose each spectrum into individual mixed Gaussian- 
Results and Discussion
159
X-ray analysis.-The X-ray diffraction spectrum for as- 
164
The XRD peak intensity decreases significantly with microwave ir- Table II shows the % concentration of the above components. 202 Using the total peak area of Mn2p, Ni2p 3/2 , Li1s and O1s peaks, in 203 each sample and the appropriate sensitivity factors (based on Wagner's 204 collection and adjusted to the transmission characteristics of analyser 205 EA10) and equations, the average relative atomic concentration in 206 the analyzed region, can determined (within experimental error 10%). 207 The results are shown in the 
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Although the TEM image does not cover the large sample repre-229 sentation, the TEM images in Figs, 3c and 3d show that the particle 230 size of microwave-treated samples LMNOmic is smaller than pristine 231 LMNO samples. This result confirms microwave treatment reduces 232 the particle size of the powders which is in consistence with previ-233 is in agreement to both the XRD and XPS results. Also, the peak-to-246 peak separation (i.e., the difference between the anodic and cathodic 247 peak potential, E pp = |E pa -E pc |) is higher for the as-synthesized 248 compared to the microwave-treated sample, which means that LM-
249
NOmic exhibits better reversible electrochemistry and hence faster 250 lithium-ion diffusion kinetics than the as-synthesized LMNO.
251 Figure 4b shows the first cycle galvanostatic charge-discharge pro-252 file of the as-synthesized pristine LMNO and microwave treated LM-253 NOmic samples. The cells were cycled at a constant current rate of 254 0.1 C in the voltage window of 3.5 to 4.9 V vs. Li for 100 cycles. The 255 initial discharge capacities are 122 and 133 mAh g −1 for the LMNO 256 and LMNOmic, respectively. This result indicates that the microwave 257 cells gave their highest capacity at the 5th cycle, ∼120 and 135 263 mAh g −1 for LMNO and LMNOmic, respectively. The LMNOmic 264 gradually loses its capacity until at the 100 th cycle where ∼128 265 mAh g −1 was obtained (i.e., about 0.05% capacity loss per cycle). 266 On the other hand, the as-synthesized large-sized LMNO-based cell 267 essentially maintained its capacity until the 100 th cycle. The slight 268 loss of capacity of the LMNOmic was not surprising considering its 269 nano-sized particles. It common knowledge that nanostructured elec-270 trode materials (e.g., LMNOmic) should possess high surface area 271 compared to their bulk counterparts (e.g., LMNO) and, due to their 272 high electrode-electrolyte surface area, are inherently prone to the 273 risks of side redox-reactions that involve the decomposition of elec-274 trolyte and consumption of lithium. Our cyclability result seems to 275 suggest the need to tune the cathode-electrolyte interface with mi-276 crostructures as in the as-synthesized LMNO. Both cell experienced 277 initial coulombic loss but generally after few cycles maintained >95% 278 coulombic efficiency until the 100 th cycle as it is shown in Figure 5a . 279 Figure 5b shows the behavior of the two cells when subjected to dif-280 ferent C-rates (i.e., rate capability), from 0.1 to 2 C. At 0.1 C the 281 LMNO and LMNOmic materials delivered initial capacity of 123 and 282 134 mAh g −1 , respectively. At 2 C, LMNO and LMNOmic materials 283 respectively delivered initial capacity of 25 and 52 mAh g −1 . After 284 the 100 th cycle, both LMNO and LMNOmic retained more than 98% 285 of their initial capacity. Both cells showed superior capacity reten-286 tion as they are structurally oxygen-deficient or disordered spinel. 287 The LMNOmic showed superior capacity compared to the LMNO at 288 all C-rates. As Table II 28-30 Here, we performed EIS experiments 296 on the LMNO cells prior to (Fig. 6a) and after a 100 th cycle (Fig. 6b) . 297 The Nyquist plots obtained for the two cells were satisfactorily fitted 298 with the electrical equivalent circuit (Fig. 6c) , comprising the ohmic 299 series resistance of the electrode system (R s ) observed at the maximum 300 frequency region, electrode-electrolyte interfacial film resistance (R f ), 301 charge transfer resistance (R ct ) due to lithium-ion intercalation/de-302 intercalation process observed at the high frequency regions, the con-303 stant phase element of the heterogeneous surface film (CPE f ) and the 304 interfacial capacitance of the lithium-ion (CPE Li LMNO  5  61  2  1  6  22  LMNOmic  4  11  6  4  5  17  After 100 cycles  LMNO  10  281  3  2  16  40  LMNOmic  8  235  2  1  11  34 (LMNOmic) than the pristine LMNO. The higher impedance rise for 327 the LMNOmic compared to that of the LMNO, which is in excellent 328 agreement with the cycling performance results in Figure 5 , could be 329 associated with the higher reactivity of nano-sized materials than the where T is the temperature in kelvin degree, R is the universal gas 343 constant, n is the number of electrons per molecule during the reaction,
As prepared
344
A is the geometric surface area of the cathode, F is Faraday's constant,
345
C Li is the lithium ion concentration, and σ is the Warburg factor.
346
The calculated diffusion coefficients showed that both the microwave 
